We present deep echelle spectrophotometry of the Galactic H ii region NGC 2579. The data have been taken with the Very Large Telescope Ultraviolet-Visual Echelle Spectrograph in the 3550-10400Å range. This object, which has been largely neglected, shows however a rather high surface brightness, a high ionization degree and is located at a galactocentric distance of 12.4 ± 0.7 kpc. Therefore, NGC 2579 is an excellent probe for studying the behaviour of the gas phase radial abundance gradients in the outer disc of the Milky Way. We derive the physical conditions of the nebula using several emission line-intensity ratios as well as the abundances of several ionic species from the intensity of collisionally excited lines. We also determine the ionic abundances of C 2+ , O + and O 2+ -and therefore the total O abundance -from faint pure recombination lines. The results for NGC 2579 permit to extend our previous determinations of the C, O and C/O gas phase radial gradients of the inner Galactic disc ) to larger galactocentric distances. We find that the chemical composition of NGC 2579 is consistent with flatten gradients at its galactocentric distance. In addition, we have built a tailored chemical evolution model that reproduces the observed radial abundance gradients of O, C and N and other observational constraints. We find that a levelling out of the star formation efficiency about and beyond the isophotal radius can explain the flattening of chemical gradients observed in the outer Galactic disc.
suggested that the presence of fluctuations in the spatial distribution of electron temperature can produce such discrepancy but others as Tsamis & Péquignot (2005) and Stasińska et al. (2007) consider that the AD may be produced by small spatial scale chemical inhomogeneities in the interstellar medium. Tsamis et al. (2011) have proposed that the presence of small and dense partially-ionised clumps along the line of sight are affecting the CEL-derived abundances, producing unrealistic lower values with respect to the RL-based ones, and a similar conclusion is found in the results by Mesa-Delgado et al. (2012) . More recently, a new hypothesis based on the presence of a κ-distribution in the energy of the free electrons has been proposed to explain the AD (Nicholls et al. 2012) .
From deep echelle spectra of a sample of Galactic H ii regions, Esteban et al. (2005) determined the carbon and oxygen gradients of the Galactic disc at galactocentric distances between 6.3 and 10.4 kpc based on the intensity of RLs. Carigi et al. (2005) built chemical evolution models in order to reproduce those abundance gradients as well as other observational constraints. They found the important result that only models including carbon yields that increase with metallicity for massive stars and decrease with metallicity for low and intermediate mass stars can successfully reproduce simultaneously the gradients of both elements. Other result of that paper is that the fraction of carbon produced by massive stars with respect to that produced by low and intermediate mass stars strongly depends on the age of the Galactic disc, as well as on the galactocentric distance. Therefore, it is clear that similar C and O abundance data of H ii regions at larger galactocentric distances are necessary to refine and extend chemical evolution models and explore possible changes across the Galactic disc.
There are some evidences that gas phase abundance gradients may flatten out at the outer parts of the Galactic disc (Fich & Silkey 1991; Vílchez & Esteban 1996; Maciel & Quireza 1999; Costa et al. 2004; Maciel et al. 2006) . However, this result is not supported by other studies (Deharveng et al. 2000; Rudolph et al. 2006; Henry et al. 2010; Balser et al. 2011) . Chemical evolution models of the Galactic disc also obtain different solutions for the behaviour of the abundance gradients at large galactocentric distances. For example, Fu et al. (2009) find a steepening of the gradients as radial distances increase and Marcon- Uchida et al. (2010) can predict a flattening or a steeping depending on the assumed behaviour of the star formation efficiency across the Galactic disc. Moreover, chemodynamical models of Samland et al. (1997) also predict the development of a plateau in the outer regions of the Galaxy. Therefore, the finding of indisputable observational evidence of the presence or not of such flattening is essential to increase our knowledge on important ingredients of chemical evolution models such as the timescale for disc formation and the density threshold for star formation.
NGC 2579 is a high surface brightness Galactic H ii region that has been largely neglected because its misclassification as either planetary nebula (Acker et al. 1992) or reflection nebula (van den Bergh & Herbst 1975) and even its confusion with other nearby objects (Archinal & Hynes 2003) . Copetti et al. (2007) have brought into attention the interest of NGC 2579 presenting the first comprehensive observational study of the nebular properties and stellar con- tent of this object. These authors derive consistent photometric and kinematic distances for NGC 2579 indicating that it is located at a galactocentric distance of 12.4 ± 0.7 kpc (assuming the Sun at 8 kpc from the Galactic Centre). Therefore, NGC 2579 is probably the brightest H ii region located at that distant part of the Galaxy, well outside the solar circle. Another remarkable characteristic of this nebula is its relatively high ionization degree, which facilitates the determination of chemical abundances and the determination of C 2+ and O 2+ abundances from RLs. Undoubtedly, NGC 2579 is an excellent probe for the exploration of the behaviour of the ionised gas phase radial abundance gradients in the external parts of the Galactic disc.
In §2 we describe the observations and the data reduction procedure. In §3 we describe the emission line measurements and identifications as well as the reddening correction. In §4 we present the physical conditions and ionic and total abundances determined for NGC 2579. In §5 we describe the ingredients of our chemical evolution model and discuss the results in the light of the radial Galactic abundance gradients. Finally, in §6 we summarize our main conclusions.
OBSERVATIONS AND DATA REDUCTION
NGC 2579 was observed in service time on 2009 January 23 at Cerro Paranal Observatory (Chile), using the UT2 (Kueyen) of the Very Large Telescope (VLT) with the Ultraviolet Visual Echelle Spectrograph (UVES, D'Odorico et al. 2000) . The standard settings of UVES were used covering the spectral range from 3570 to 10400Å. Some small spectral intervals could not be observed. These are: 5734-5833 and 8425-8768 due to the physical separation between the CCDs of the detector system of the red arm; and several much smaller wavelength ranges between 8800 to 10400Å because the last orders of the spectrum do not fit completely within the size of the CCD. Three consecutive exposures of 400 seconds -for the 3570-3840 and 4820-6740Å ranges -and of 1800 seconds -for the 3770-4940 and 6735-10400Å ranges -each were added to obtain the final spectra. In addition, exposures of 30 and 60 seconds were taken to obtain non-saturated flux measurements for the brightest emission lines. The full width at half-maximum (FWHM) at a given λ was ∆λ ≈ λ/8000. The slit was oriented east-west and the atmospheric dispersion corrector (ADC) was used to keep the same observed region within the slit regardless of the air mass value. The slit width was set to 3 ′′ as a compromise between the spectral resolution needed and the desired signal-to-noise ratio of the spectra. The slit length was fixed to 10 ′′ . The onedimensional spectra we finally analysed were extracted for an area of 3 ′′ ×7. ′′ 4. This area covers the brightest part of the nebula (see Figure 1) , located 5 ′′ to the north of the star DE-NIS J082054.8-361258, a member of the stellar cluster that ionises the nebula.
The spectra were reduced using the iraf 1 echelle reduction package, following the standard procedure of bias subtraction, aperture extraction, flatfielding, wavelength calibration and flux calibration. The standard star LTT 3218 (Hamuy et al. 1992 (Hamuy et al. , 1994 ) was observed to perform the flux calibration.
LINE INTENSITIES
Line fluxes were measured by integrating all the flux in the line between two given limits and over a local continuum estimated by eye. In the case of line blending, a double Gaussian profile fit procedure was applied to measure the individual line intensities. All these measurements were made with the splot routine of iraf.
All line fluxes of a given spectrum have been normalized to a particular bright emission line in each spectral range. For the bluest range (3570-3840Å), the reference line was H12 3750Å. For the 4820-6740 and 3770-4940Å ranges, Hβ was used. For the reddest spectral interval (6735-10400Å), the reference was P20 8392Å. In order to produce a final homogeneous set of line flux ratios, all of them were rescaled to Hβ considering the theoretical H12/Hβ and P20/Hβ line ratios corresponding to the physical conditions of the gas.
The spectral ranges present some overlapping at the edges. The final flux of a line in the overlapping regions was the average of the values obtained in both adjacent spectra. A similar procedure was considered in the case of lines present in two consecutive spectral orders. The average of both measurements were considered as the adopted value of the line flux. In all cases, the differences in the line flux measured for the same line in different orders and/or spectral ranges do not show systematic trends and are always within the uncertainties.
The identification and laboratory wavelengths of the lines were obtained following our previous works on echelle spectroscopy of bright Galactic H ii regions (see , and references therein). We also used a preliminar (unpublished) version of the spectral synthesis code for nebulae X-SSN (Péquignot et al. 2012 ) to identify faint lines. This code was specially useful to identify lines in the reddest part of the spectrum, where confusion with telluric features is problematic.
For a given line, the observed wavelength is determined by the centre of the baseline chosen for the flux integration procedures or the centroid of the line when a Gaussian fit is used (in the case of line blending). The final adopted values of the observed wavelength of a given line are relative to the heliocentric reference frame.
The reddening coefficient, c(Hβ), was determined from the comparison of the observed flux ratio of the brightest Balmer lines -Hα, Hγ, Hδ and Hν lines with respect to Hβ -and the theoretical line ratios computed by Storey & Hummer (1995) for the physical conditions of the nebula. We have used the reddening function, f (λ), normalized to Hβ derived by Cardelli et al. (1989) and assuming RV = 3.1. The c(Hβ) we obtain is 2.37±0.05, which is larger than the values of the reddening coefficient determined by Copetti et al. (2007) who use the reddening function by Kaler (1976) and obtain a range of values from 1.12 to 1.65 depending on the position inside the nebula and the Balmer lines used.
In Table 1 , the final list of line identifications (columns 1-3), observed wavelength corrected for heliocentric velocity (column 4), observed and dereddened flux line ratios with respect to Hβ (columns 5 and 6) and the uncertainty of line ratios -in percentage -(last column) are presented. The quoted errors include the uncertainties in line flux measurement and error propagation in the reddening coefficient.
In Figure 2 , we show sections of our flux-calibrated echelle spectra showing the recombination lines of C ii 4267 A and multiplet 1 of O ii around 4650Å. As it can be seen, these faint lines are well separated and show a remarkably high signal-to-noise ratio in our deep echelle spectrum. 
PHYSICAL CONDITIONS AND CHEMICAL ABUNDANCES OF NGC 2579
The physical conditions of the ionised gas: electron temperature, Te, and density, ne, have been derived from the usual CEL ratios, using the iraf task temden of the package nebular (Shaw & Dufour 1995) Liu et al. (2000) . This correction only contributes a 2.4% to the intensity of [O ii] λλ7319, 7330 lines. The physical conditions determined for NGC 2579 are shown in Table 2 .
NGC 2579 present a non-uniform density structure. Copetti et al. (2000 Copetti et al. ( , 2007 showed that the ne([S ii]) presents a strong spatial variation, with the density ranging from about 1800 cm −3 at the brightest eastern-central areas to less than 100 cm −3 at the outer parts of the nebula. This density variation was interpreted as steep radial gradient, similar to that found in the Orion Nebula (Osterbrock & Flather 1959) . However, the density estimates listed in Table 2 
Lines
Value
Many [Fe iii] lines have been detected in the spectrum of NGC 2579. We have calculated the Fe 2+ /H + ratio using a 34-level model atom that includes the collision strengths from Zhang (1996) , transition probabilities of Quinet (1996) as well as the transitions found by Johansson et al. (2000) . Zhang & Pradhan (1997) and the transition probabilities recommended by Froese Fischer et al. (2008) . We have asummed Te([O iii]) to derive the Fe 3+ abundances. The Cl + abundance cannot be derived from the nebular routines, instead we have used pyneb (Luridiana et al. 2012) , which is an updated version of the nebular package written in python programming language. For Cl + we have used the line wavelengths and energy levels obtained by Radziemski & Kaufman (1974) , the transition probabilities compiled by Mendoza (1983) and the collision strengths from Tayal (2004) . Ionic abundances are presented in Table 3 .
We have measured several He i emission lines in the spectrum of NGC 2579. These lines arise basically from recombination but they can be affected by collisional excitation and self-absorption effects. We have used the effective recombination coefficients of Porter et al. (2005) -with the interpolation formulae provided by Porter et al. (2007) -for He i as well as those of Storey & Hummer (1995) for H i, in order to calculate the He + abundance. The collisional contribution was estimated from Sawey & Berrington (1993) and Kingdon & Ferland (1995) , and the optical depth in the triplet lines were derived from the computations by Benjamin et al. (2002) . We have determined the He + /H + ratio from a maximum likelihood method (MLM, Peimbert et al. 2000 Peimbert et al. , 2002 .
To determine the He + /H + ratio, Te(He i), the temperature fluctuations parameter (Peimbert 1967) for He i, t 2 (He i), and the optical depth in the He i λ3889 line, τ3889, in a self-consistent manner, we have used the adopted density obtained from the CEL ratios (see Table 2 ), and a set of 16 I(He i)/I(H i) line ratios (λλ 3614, 3819, 3889, 3965, 4026, 4121, 4388, 4471, 4713, 4922, 5016, 5048, 5876, 6678, 7065, 7281Å) . We have obtained the best sets of values of the three unknowns by minimizing χ 2 . The lowest χ 2 parameters we obtain are in the range from 14 to 28, which indicate reasonably good fits. The final adopted He + abundance is 12+log(He + /H + ) = 10.94 ± 0.01 (see Table 3 ). Interestingly, the range of values of t 2 (He i) we obtain in these fits is between 0.025 and 0.065, consistent with that obtained assuming that the ADF(O 2+ ) is produced by the presence of temperature fluctuations in the ionised gas (see below).
We have detected several C ii lines in our spectrum, but most of them are produced by resonance fluorescence by starlight (Esteban et al. 1998 (Esteban et al. , 2004 ). Only C ii 4267 and 9903Å are pure RLs and permit to derive the C 2+ /H + ratio. Two RLs of multiplet 1 of O i are detected in the red part of the spectrum, namely O i 7774 and 7775Å, and fortunately these important lines are not affected by telluric emission. We also detect and measure a large number of RLs of O ii. In particular, seven lines of multiplet 1, four of multiplet 2 and three of multiplet 10 that are produced by pure recombination and can be used to derive Escalante & Victor (1992) and Péequignot et al. (1991) for the O + abundance. The C 2+ abundance obtained from the C ii 4267 and 9903Å lines are 12 + log (C 2+ /H + ) = 8.18 ± 0.05 and 8.10 ± 0.03, respectively. We adopted the weighted mean of both values for the final C 2+ abundance included in Table 3 . In the case of the O + /H + we adopted the mean value of the abundances obtained from each of the two lines detected and the two sets of effective recombination coefficients indicated above. Following our usual methodology to minimize uncertainties, we have derived the O 2+ abundance from the estimated total flux of each multiplet (see Esteban et al. 1998 ). In particular, we obtain values of 12+log(O 2+ /H + ) = 8.46±0.03, 8.51±0.06 and 8.40±0.07 for multiplets 1, 2 and 10 respectively, remarkably similar and consistent within the errors. We have assumed the abundance obtained from multiplet 1 as the representative one for O 2+ (a weighted mean value of the abundances given by each multiplet gives almost the same value). Our spectrum also shows a relatively large number of permitted lines of other heavy-element ions (N ii, O i and Si ii) but they are not produced by pure recombination and we can not derive reliable abundances from them (see Esteban et al. 1998 Esteban et al. , 2004 
The value of the ADF(O 2+ ) we obtain for NGC 2579 is 0.27 ± 0.03, remarkably similar to the values of this quantity found for other Galactic and extragalactic H ii regions, which mean value is 0.26 ± 0.09 (Esteban et al. 2009 ). In the case of O + , we obtain ADF(O + ) = 0.15 ± 0.08, which is also in excellent agreement with the values of between 0.15 and 0.20 we obtain for other well observed Galactic H ii regions as M 8, M 20 and the Orion nebula .
If -as an hypothesis -we assume the validity of the temperature fluctuations paradigm and that this phenomenon produces the abundance discrepancy (see , we can estimate the t 2 parameter that produces the agreement between the abundance of O 2+ determined from CELs and RLs, which results to be t 2 = 0.045 ± 0.007. In Table 3 we include ionic abundances determined for t 2 = 0 -the standard procedure considering no temperature fluctuations -and assuming t = 0.045 ± 0.007. These last calculations have been made following the formalism outlined by Peimbert & Costero (1969) . It is remarkable that the t 2 parameter value we obtain from the comparison of O + abundances determined from CELs and RL is 0.048 ± 0.029, in excellent agreement with the value we obtain for O 2+ . This consistency supports that the phenomenon that produce the abundance discrepancy and temperature fluctuations may be connected or even be the same, at least in H ii regions (see discussion in .
We have adopted a set of ionization correction factors (ICFs) to correct for the unseen ionization stages and derive the total gas phase abundances of the different elements, except in the cases of O and Cl, for which we have measured emission lines of all the expected ionic species of these elements. The final total abundances for t 2 = 0 and t 2 = 0.045 ± 0.007 are presented in Table 3 . For He, C, N, S and Ne we have adopted the same ICF schemes used by in order to facilitate the comparison with data of other Galactic H ii regions and study the abundance gradients. The total helium abundance has been corrected for the presence of neutral helium using the expression proposed by Peimbert et al. (1992) based on the similarity of the ionization potentials of He 0 and S + . In the case of C we have adopted the ICF(C + ) derived from photoionization models of Garnett et al. (1999) . In order to derive the total abundance of nitrogen we have used the ICF derived from the models by Mathis & Rosa (1991) ; note that these ICF values yield N abundances about 0.11 dex higher than those obtained from the usual formulation by Peimbert & Costero (1969) based on the similarity of the ionization potential of N + and O + . The total abundance of oxygen is calculated as the sum of O + and O 2+ abundances. The only measurable CELs of Ne in the optical range are those of Ne 2+ but the fraction of Ne + may not be negligible in the nebula. We have adopted the usual expression of (Peimbert & Costero 1969 ) to obtain the total Ne abundance. This scheme seems to be apropriate for the ionization degree of NGC 2579. We have measured CELs of two ionization stages of S: S + and S 2+ , and used the ICF proposed by Stasińska (1978) to take into account the presence of some S 3+ . Chlorine shows lines of the three ionization stages we expect in NGC 2579. Its total abundance is simply the sum of the ionic abundance Cl + , Cl 2+ and Cl 3+ . For argon, we have determinations of Ar 2+ and Ar 3+ but some contribution of Ar + is also expected. We have adopted the ICF recommended by Izotov et al. (1994) for this element. Finally, we have used an ICF scheme based on photoionization models of Rodríguez & Rubin (2005) to obtain the total Fe/H ratio. In Table 3 we include the total abundances determined for t 2 = 0 and t 2 = 0.045 ± 0.007. The variations due to the dependence of the adopted ICFs on the t 2 considered are also included in the total abundances given in Table 3 .
In Table 3 we also include the ionic and total abundances obtained by Copetti et al. (2007) for their ABC spectrum of NGC 2579. Those authors do not consider temperature fluctuations. We can see that all abundances of twice ionised species determined by Copetti et al. (2007) are somewhat larger than our determinations. This fact is perhaps indicating that both sets of observations correspond to nebular areas with somewhat different integrated ionization conditions. However, the total abundances obtained in both studies are in general consistent except in the case of Ne and Cl, where the difference is 0.33 and 0.34 dex, respectively. The discrepancy in Ne/H ratios is due to the large difference between the intensities of the [Ne iii] lines reported in both datasets. In the case of Cl/H the difference could be due to the different methodology used by Copetti et al. (2007) and us for determining the abundance of this element. Those authors use Cl 2+ /H + and an ICF and we determine Cl/H directly from the sum of the different ionic abundances.
It is interesting to compare the abundance ratios determined for NGC 2579 with those of reference objects. In Table 4 . In general, we can see that the ratios are rather consistent in the 3 objects within the errors. The value we obtain of log(Ne/O) ∼ −0.93 is somewhat low, even lower than the typical ratio of about −0.70 found for extragalactic H ii regions covering a very wide range of metalicity (Dors et al. 2013 ). This indicates that our determination of Ne ++ /H + and Ne/H is probably about 0.20 lower than expected. In the case of the N/O ratio, it is consistent with that obtained by Copetti et al. (2007) within the errors, but about 0.17 dex lower than that of the Orion nebula.
CHEMICAL EVOLUTION MODEL AND DISCUSSION
The derivation of precise abundances for NGC 2579 is an opportunity to explore the behaviour of the radial abundance gradients of ionised gas at galactocentric distances larger than the solar ones. In Figure 3 we include the C/H, O/H and C/O ratios of NGC 2579 as those for the sample of H ii regions of , which are also determined using the intensity of RLs and the same methodology. The objects of that sample are located at galactocentric distances between 6.3 and 10.4 kpc (assuming the Sun at 8 kpc). We also include the radial gradients determined from the linear fit to the data sample of García-Rojas & Esteban (2007) but extrapolated up to 13 kpc. As it can be seen in Figure 3 , the point of NGC 2579 stands above the extrapolated gradients, specially in the case of the C and C/O gradients. Assuming that the distance to this object is well established (that seems to be the case, see discussion of section 5.2 of Copetti et al. 2007) , our data indicate that the chemical behaviour of NGC 2579 does not fit the trend of the inner Galactic H ii regions. Although we deal with data of a single object -and obviously lacking statistical significance -this result indicates that the chemical composition of NGC 2579 is consistent with flatten gradients at its galactocentric distance. Another interesting feature of Figure 3 is that the C/O gradient seems to be better represented by a step function instead of a linear fit. Regions with RG < 7.3 kpc show log(C/O) ratios of the ionised gas of about 0.0 but regions farther out from the Galactic Centre can be represented by a constant value around −0.26 with a rather small statistical dispersion. Some authors have claimed -based on both H ii regions and planetary nebulae data -that gas phase radial abundance gradients may flatten out at the outer parts of the Galactic disc (Fich & Silkey 1991; Vílchez & Esteban 1996; Maciel & Quireza 1999; Costa et al. 2004; Maciel et al. 2006) , although other authors do not support such flattening (Deharveng et al. 2000; Rudolph et al. 2006; Henry et al. 2010; Balser et al. 2011) . Metallicity determinations of other kinds of objects, such as Cepheids (Luck et al. 2003; Andrievsky et al. 2004; Yong et al. 2006; Pedicelli et al. 2009 ) and Galactic open clusters (Twarog et al. 1997; Yong et al. 2012) , provide further evidence of such change of slope of the gradients at large distances. Strong evidence for flat radial gradients from the spectra of H ii regions in the outer discs of nearby spiral galaxies has been presented in several recent papers by Bresolin et al. (2009) for M83, Goddard et al. (2011 ) for NGC 4625, Bresolin et al. (2012 for NGC 1512 and NGC 3621 and Werk et al. (2011) for a sample of 13 -mostly interacting -galaxies. Moreover, a flattening or an upturn of the metallicity gradient has also been found from stellar photometry of red giant branch stars in the outer disc of the spiral galaxies NGC 300 and NGC 7793 (Vlajić et al. 2009 (Vlajić et al. , 2011 . The value of 12+log(O/H) -obtained from the intensity of CELs -in the outer discs of the above mentioned galaxies ranges between 8.2 and 8.4 (Bresolin et al. 2012) , consistent with the value of 8.31 ± 002 we derive for NGC 2579. Bresolin et al. (2012) indicate that the flattening of the radial abundance in external spiral galaxies occurs approximately at the isophotal radius, R25. In the case of the Milky Way, R25 is difficult to estimate. The available determinations give values of 11.5 kpc (de Vaucouleurs & Pence 1978) or 13.4 kpc (Goodwin et al. 1998) , close to the galactocentric distance determined by Copetti et al. (2007) for NGC 2579. Metallicity studies based on Cepheids and open clusters indicate that the change of the slope of the Fe/H ratio occurs at about 9 kpc (Lépine et al. 2011) .
We have made a first exploration of the possible reasons of the flattening of the abundance gradients in the outer galactic discs building a tailored chemical evolution model. Bresolin et al. (2012) discuss several mechanisms that can produce such phenomenon: flattening of the star formation efficiency, radial metal mixing or enriched infall. In this paper, we focus our attention on the first possibility because it is the simplest one to implement in our available models. The model we have used is almost identical to the intermediate wind yields one (IWY), explained in details by Carigi & Peimbert (2011) . That IWY model was built to match three observational constraints along the Galactc disc: the radial distributions of the surface density of the total baryonic mass, Mtot(r), and gas mass, Mgas(r), and the radial gradient of the O/H ratio defined by H ii regions of the Milky Way located between 6.3 and 10.4 kpc and derived using RLs.
The main assumptions and ingredients of the IWY model are described in the following. The Milky Way disc was formed in an inside-out scenario from primordial infall with time scales τ = r(kpc) −2 Gyr. The initial mass function is that by Kroupa et al. (1993) in the 0.08 − 80 M⊙ range. We consider an array of metal dependent yields: (a) for low and intermediate mass stars (0.8 m/M⊙ 8), we use the yields by Marigo et al. (1996 Marigo et al. ( , 1998 and Portinari et al. (1998) ; (b) for binary stars (3 m bin /M⊙ 16), we adopted the yields by Nomoto et al. (1997) in SNIa formulation by Greggio & Renzini (1983) . We used A bin = 0.08, as the fraction of binary stars that are progenitors of SNIa; (c) for massive stars (8 m/M⊙ 80) we considered the yields including stellar rotation by Hirschi (2007) and Meynet & Maeder (2002) for Z 0.004; and the intermediate wind yields, obtained as an average of the yields by Maeder (1992, high massloss rate) and Hirschi et al. (2005, low mass-loss rate)) for Z = 0.02. Since Fe yields are not computed by the Geneva group, we adopted Woosley & Weaver (1995) values, following Carigi & Hernandez (2008) prescription.
Our model differs from IWY only in the assumption of a variable star formation process efficiency, ν, for the outer galactocentric radius. With this parameter, the star formation rate, SF R, is a spatial and temporal function of the form
where Mstar is the surface mass density of stars. The formation process efficiency ν was kept constant in the IWY model, while in the present paper we assume that ν depends on the galactocentric radius. This is the only difference between the IWY model and the present one. We adopt ν = 0.016 ≡ νin for r < 10 kpc and ν/νin = 0.8, 1.3 and 2.2 for r =10, 12 and 14 kpc, respectively. The values of ν as a function of the galactocentric radius we have chosen are those that reproduce the behaviour of O/H radial gradient at large galactocentric radii. In Figure 4 , the model is compared to observational constraints, as follows: a) Mgas(r) values are obtained by adding the atomic and molecular data from figure 7 by Kennicutt & Evans (2012) . These original data include the hydrogen and helium components. b) SF R(r) values are taken from the same figure 7 by Kennicutt & Evans (2012) .
c) The disc scale length, R d , of the Galactic stellar disc (Mstar(r) ∝ e −r/R d ) by Yin et al. (2009) The results of the chemical evolution model we have built in this work indicate that an increase of ν for r 10 kpc can explain the chemical flattening in the outer Galactic disc. It is important to remark that ν does not represent the star formation efficiency, SF E, defined as SF E(r) = SF R(r)/Mgas(r), the SF R per unit of surface mass density of gas. In order to clarify this point, we show in Figure 5 the radial distribution of ν and SF E. In this figure, we note that a constant value of ν at inner radii implies a decrease of SF E and an increase of ν at outer radii implies a flat SF E. A similar behaviour of the SF E(r) was found by Bigiel et al. (2010) , based on the combination of atomic hydrogen and far-ultraviolet emission in 17 spiral and 5 dwarf galaxies. They conclude that the SF E in the outer disc (r > R25) is flatter compared to the SF E in the inner disc (r < R25), due to the increase of the SF R with H i column density. The SF E is the inverse of the gas depletion time, the time requiered for present-day star formation to consume the available gas. The values of SF E we obtain at the outer disc indicate a depletion time of about 7.5 Gyr and that this value becomes almost constant in that part of the Galaxy. Bigiel et al. (2010) find depletion times between 10 to 100 Gyr for their sample of spiral and dwarf galaxies.
As Bresolin et al. (2012) point out, a flat SF E can approximately translate into a flattening of the abundance gradient, using their equation 1:
where y0 is the net oxygen by mass (0.006, integrated yield obtained from the IWY model, Carigi & Peimbert 2011), µ = 11.81 corresponds to the conversion factor from abundance by number to abundance by mass; t is the timescale for the star formation and ΣSF R and ΣHI are the SF R and H i surface density, respectively. Assuming a constant SF R and gas density and that they have been equal to the present-day values in the last Gyrs, we can estimate t from the equation given above. From Figure 4 , at the distance of NGC 2579, we obtain ΣSF R ∼ 1 M⊙ pc −2 Gyr −1 and ΣHI ∼ Σgas ∼ 8 M⊙ pc −2 . With these numbers we obtain that the time required to enrich the ISM up to the oxygen abundance of NGC 2579 determined from CELs and adding 0.12 dex due to dust depletion, 12 + log (O/H)CELs = 8.43, is ∼ 4.2 Gyr (3.2 Gyr without dust correction). In the case we use the abundance determination based on RLs including dust correction, 12 + log (O/H)RLs = 8.67, the time is ∼ 7.5 Gyr (5.7 Gyr without dust correction). Simulations of galaxy formation in a Λ cold dark matter (ΛCDM) universe predict that the outer discs of galaxies could have mean formation times around 4-6 Gyr, while the inner parts should have much longer values, > 10 Gyr (Scannapieco et al. 2008 (Scannapieco et al. , 2009 ). Our estimations for the outer Galactic disc are roughly consistent with these predictions. Bresolin et al. (2012) determine enrichment timescales for the external discs of two spiral galaxies, for the apparently isolated spiral NGC 3621 they obtain a time of ∼ 10 Gyr, and a comparatively much shorter valuearound 2-3 Gyr -for the interacting spiral galaxy NGC 1512.
In an upcoming paper, we explore other factors that may produce flat gradients in the outer Galactic disc, as ho- mogeneous infall, enriched accretion, and gaseous and stellar radial migration (see Bresolin et al. 2012 , for references).
CONCLUSIONS
We present deep echelle spectrophotometry in the 3550-10400Å range of the Galactic H ii region NGC 2579. This object is located at a rather large galactocentric distance, 12.4 ± 0.7 kpc (Copetti et al. 2007 ) and has been largely neglected due to identification problems finally resolved by Copetti et al. (2007) . It also shows a rather high surface brightness and ionization degree. All these properties make NGC 2579 an excellent object to explore the behaviour of the Galactic radial abundance gradients of the ionised gas in the outer disc of the Milky Way.
We have derived consistent and precise values of the physical conditions of the nebula making use of several emission line-intensity ratios as well as abundances for several ionic species from the intensity of collisionally excited lines (CELs). Our deep spectra permits -for the first time for a Galactic H ii region with so low metallicity -to obtain a very good determination of the ionic C 2+ , O + and O
2+
abundances -as well as the total O abundance -from the intensity of faint pure recombination lines (RLs spectively. Values in complete agreement to the ADFs found for other Galactic and extragalactic H ii regions. The value of t 2 that produces the agreement between the O 2+ abundance determined from CELs and RLs is t 2 = 0.045 ± 0.007, which is consistent to the values we obtain from the comparison of the O + abundances -t 2 = 0.048 ± 0.029 -and applying a maximum likelihood method for minimising the dispersion of the He + /H + ratio from individual lines. Our abundance results for NGC 2579 based on RLs permit to extend the previous determinations of the C, O and C/O gas phase radial gradients of the inner Galactic disc obtained by Esteban et al. (2005) to larger galactocentric distances. We find that the chemical composition of NGC 2579 is consistent with flatten gradients at its galactocentric distance. This result is in agreement with previous claims of flatten outer abundance gradients based on results for ionised nebulae, Cepheids, and open clusters in the Milky Way and with recent results for the outer discs of nearby spiral galaxies.
We have built a chemical evolution model that reproduces the observed radial distributions of O, C and N abundances, the C/O, N/O ratios and other observational constraints, finding that the flattening of abundance gradients in the Milky Way outside the isophotal radius can be explained due to a shallowed star formation efficiency for r 10 kpc.
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